A Gram-stain-positive, non-motile, aerobic and terminal-endospore-forming rod-shaped bacterium, strain P5-1 T , was isolated from the hindgut of a wood-feeding higher termite, Nasutitermes sp. Phylogenetic analysis of 16S rRNA gene sequences showed that the strain was closely related to Paenibacillus sepulcri CCM 7311 T (97.5 % similarity). Growth was observed at 10-40 8C (optimum, 30 8C) and at pH 5.5-9.0 (optimum, pH 7.5). The DNA G+C content of strain P5-1 T was 48.9 mol%. Cells contained menaquinone 7 (MK-7) as the sole respiratory quinone and the major fatty acids were anteiso-C 15 : 0 and iso-C 15 : 0 . The cellular polar lipids comprised phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine, one unidentified phospholipid, one unidentified glycolipid and one unidentified aminophospholipid. The diamino acid of the cell-wall peptidoglycan was mesodiaminopimelic acid. Based on the phylogenetic, chemotaxonomic and phenotypic data obtained within this study, strain P5-1 T represents a novel species of the genus Paenibacillus, for which the name Paenibacillus nasutitermitis sp. nov. is proposed. The type strain is P5-1 T
The genus Paenibacillus belonging to family Paenibacillaceae was first proposed by Ash et al. (1993) and its description was emended by Shida et al. (1997) . At the time of writing, 168 species and four subspecies with validly published names are included in this genus. Species of the genus Paenibacillus share common characteristics such as being rod-shaped, endospore-forming, aerobic or facultatively anaerobic. Their major isoprenoid quinone is menaquinone 7 (MK-7); the diamino acid in the peptidoglycan is meso-diaminopimelic acid; and the major cellular fatty acid is anteiso-C 15 : 0 (Ash et al., 1993; Shida et al., 1997) . Members of this genus have been isolated from a variety of sources including soil (Marshall & Ohye, 1966; Yoon et al., 2005) , sediment (Montes et al., 2004) , springs (Saha et al., 2010; Tang et al., 2011) , lakes (Wu et al., 2013) , plant roots (Kong et al., 2013) , urban compost (Vaz-Moreira et al., 2010) , animal gut (Horn et al., 2005) and clinical samples (Kim et al., 2010; Glaeser et al., 2013) .
In a study of the diversity and functions of symbiotic bacteria inhabiting the gut of a wood-feeding higher termite, Nasutitermes sp., bacterial strain P5-1 T was isolated from the hindgut homogenate by the serial dilution method under aerobic conditions with GYM medium (g l 21 : glucose, 4.0; yeast extract, 4.0; malt extract, 10.0). Nasutitermes were collected from Wuzhishan Mountain in Hainan, China, and identified based on morphological and molecular characteristics (Huang et al., 2011) . The dissection of termites and preparation of diluted hindgut content was conducted as reported previously (Chen et al., 2012) . The dilution was then spread on GYM agar plates and incubated for 1 week at 30 8C. Single colonies were picked up and transferred onto new plates at least three times. During the course of purification, a single transparent circular colony was obtained, and this was designated strain P5-1 T . The strain was also able to grow well in tripticase soy broth (TSB) medium (Bacto; Becton Dickinson) and cultivation of the bacterium for subsequent experiments was conducted in TSB medium. In this paper, we report the taxonomic description of strain P5-1 T based on a polyphasic approach.
The genomic DNA of strain P5-1 T was extracted with a TIANamp bacteria DNA kit (Tiangen Biotech), and the nearly complete 16S rRNA gene (1519 nt) was amplified from genomic DNA by PCR using the universal bacterial primers 27F/1492R as described by Lane (1991) . The sequence obtained was compared with closely related sequences obtained from GenBank using the BLASTN program (Altschul et al., 1990) and aligned using the CLUSTAL X software (Thompson et al., 1997) . Phylogenetic trees were reconstructed with the software package MEGA version 4.0 (Tamura et al., 2007) using the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Fitch, 1971) methods, according to Kimura's two-parameter model (Kimura, 1980) . The robustness of the topology in the phylogenetic trees was evaluated by bootstrap analyses based on 1000 resamplings (Felsenstein, 1985) . Genetic distances between strain P5-1 T and other strains in the genus Paenibacillus were calculated on the basis of pairwise alignment according to the p-distance algorithm. A large tree was first reconstructed based on 16S rRNA gene sequences of all characterized species of the genus Paenibacillus (http://www.bacterio.net/paenibacillus.html). Based on the tree topology and branch stability, 22 sequences were then selected for the reconstruction of a smaller tree to show the phylogenetic relationship of strain P5-1 T to other members of the genus Paenibacillus. Analysis of 16S rRNA gene sequences showed that strain P5-1 T was phylogenetically related to members of the genus Paenibacillus with sequence similarities ranging from 90.8 to 97.5 %, with the highest sequence similarity (97.5 %) to Paenibacillus sepulcri CCM 7311 T (Šmerda et al., 2006) . The topologies of the phylogenetic trees reconstructed with the neighbour-joining ( Fig. 1 ) and maximum-likelihood ( Fig.  S1 , available in the online Supplementary Material) methods were similar and both indicated that strain P5-1 T was clustered with P. sepulcri.
Cultural and morphological characteristics were investigated with cells cultivated on TSB plates at 30 8C. Endospore formation was determined by malachite green Paenibacillus tarimensis SA-7-6 T (EF125184)
Paenibacillus darwinianus Br T (KF264455)
Paenibacillus pinihumi S23 T (GQ423057)
Paenibacillus humicus PC-147 T (AM411528)
Paenibacillus pasadenensis SAFN-007 T (AY167820)
Paenibacillus wooponensis WPCB018 T (EU939687)
Paenibacillus nasutitermitis P5-1 T (KR611320)
Paenibacillus sepulcri CCM 7311 T (DQ291142)
Paenibacillus mendelii C/2 T (AF537343)
Paenibacillus sacheonensis SY01 T (GU124597)
Paenibacillus taihuensis THMBG22 T (JQ398861)
Paenibacillus phyllosphaerae LMG 22192 T (AY598818)
Paenibacillus oenotherae DT7-4 T (KF900218)
Paenibacillus kobensis DSM 10249 T (AB073363)
Paenibacillus cellulosilyticus PALXIL08 T (DQ407282)
Paenibacillus curdlanolyticus YK9 T (AB073202)

Paenibacillus xylanisolvens X11-1 T (AB495094)
Paenibacillus thermoaerophilus TC22-2b T (AB738878) staining (Schaeffer & Fulton, 1933) under the microscope after incubation of strain P5-1 T for 30 h. Gram-staining was carried out according to the method used by Gerhardt et al. (1994) . Detection of motility was performed using semi-solid agar (Tittsler & Sandholzer, 1936) . The optimum and range of growth temperature were tested in TSB medium incubated for 48 h at 4, 10, 15, 20, 25, 30, 35, 40 and 45 8C. The pH range for growth was tested at pH 4. 0, 4.5, 5.0, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, 9, 9.5 and 10 by adjusting the pH of the TSB medium with 1 M NaOH or 1 M HCl. Tolerance to NaCl was examined in TSB medium containing 0-4 % (w/v) NaCl (at intervals of 0.5 %). For the phenotypic characterization, all tests were carried out in triplicate in TSB medium. Metabolic properties were determined using API 50CH, APIZYM and API 20NE test kits (bioMérieux) according to the manufacturer's instructions. Oxidase and catalase activities were carried out as previously described (Wu et al., 2013) . Hydrolysis of casein, gelatin, starch and Tween 80 was tested as described by Lányí (1987) and Smibert & Krieg (1994) . The Voges-Proskauer reaction and hydrogen sulfide production were tested according to the methods of Barrow & Feltham (1993) .
Strain P5-1 T formed circular, smooth, transparent colonies after 2 days at 30 8C. Cells were Gram-stain-positive, nonmotile, rod-shaped (0.5-0.762.2-3.5 mm) and formed terminal endospores (Fig. S2 ). Growth was observed under aerobic conditions in TSB medium. Growth was observed at 10-40 8C (optimum, 30 8C), at pH 5.5-9.0 (optimum, pH 7.5) and at NaCl concentrations up to 4 %. However, optimum growth was observed without the addition of NaCl. Other physiological and biochemical properties of strain P5-1 T are provided in the species description, and the properties that distinguish strain P5-1 T from its closely related species are listed in Table 1 .
For chemotaxonomic analyses, biomass of strain P5-1 T , P. sepulcri CCM 7311 T and Paenibacillus polymyxa IAM 13419 T was harvested from cultures in TSB medium incubated at 30 8C for 2 days. Fatty acids were extracted, methylated and analysed in parallel with those of P. sepulcri CCM 7311 T and P. polymyxa IAM 13419 T according to the standard protocol of the Sherlock Microbial Identification System (MIDI; http://www.microbialid.com/PDF/ TechNote_101.pdf). Separation and identification of fatty acid methyl esters was performed using a gas chromatograph (6890N; Agilent) with MIDI Sherlock TSBA6 database (Sasser, 1990) . Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v) and purified by using TLC, and the identities of quinones were determined by HPLC with an eclipse XDB-C18 column (4.66150 mm; Agilent) (Collins, 1985) . Polar lipids were extracted and Table 1 . Differential phenotypic characteristics between strain P5-1 T and closely related species of the genus Paenibacillus Strains: 1, P5-1 T ; 2, P. sepulcri CCM 7311 T ; 3, P. polymyxa IAM 13419 T ; 4, P. phyllosphaerae LMG 22192 T ; 5, P. taihuensis THMBG22 T ; 6, P. sacheonensis SY01 T . +, Positive; 2, negative; W, weakly positive. For strains 1-3, data are from the current study unless indicated otherwise; for strains 4-6, data are from Wu et al. (2013) . identified by two-dimensional TLC (silica gel plates, layer thickness 0.2 mm; Merck) followed by spraying with appropriate reagents. The total polar lipids, aminolipids, glycolipids and phospholipids were detected by staining the plates with molybdophosphoric acid, ninhydrin, anaphthol and molybdenum blue, respectively (Minnikin et al., 1984; Komagata & Suzuki, 1987; Tindall, 1990) . Cell-wall analysis was performed as described by Komagata & Suzuki (1987) . The DNA G+C content was determined by thermal denaturation (Marmur & Doty, 1962) , with Escherichia coli K-12 as reference.
The most abundant cellular fatty acids of strain P5-1 T were anteiso-C 15 : 0 and iso-C 15 : 0 , which is consistent with other members of the genus Paenibacillus. A full comparison of the fatty acid profiles of P5-1 T and reference strains is given in Table 2 . The predominant isoprenoid quinone of P5-1 T was MK-7. The polar lipid profile of P5-1 T consisted of phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine and one unidentified phospholipid, one unidentified glycolipid and one unidentified aminophospholipid (Fig. S3 ). The diamino acid in the cell-wall peptidoglycan was meso-diaminopimelic acid (Fig. S4) . The DNA G+C content of strain P5-1 T was 48.9 mol%, which is within the range for species of the genus Paenibacillus (Ash et al., 1993) .
Based on the above phenotypic and phylogenetic results, it is clear that strain P5-1 T represents a member of the genus Paenibacillus. Although strain P5-1 T shares 97.5 % 16S rRNA gene sequence similarity with the mostly related species, P. sepulcri CCM 7311 T , it could be distinguished from P. sepulcri based on differences in the assimilation of various carbon sources such as xylose, ribose and D-galactose (Table 1) , in the activity of urease, and in the cellular fatty acid composition, such as the proportion of anteiso-C 15 : 0 (Table  2) . Considering other chemotaxonomic and phenotypic characteristics and the results of 16S rRNA gene sequence analysis, we conclude that strain P5-1 T represents a novel species of the genus Paenibacillus, for which the name Paenibacillus nasutitermitis sp. nov. is proposed.
Description of Paenibacillus nasutitermitis sp. nov.
Paenibacillus nasutitermitis (na.su.ti.ter9mi.tis. N.L. gen. n. nasutitermitis of the termite of the genus Nasutitermes).
Cells are Gram-stain-positive, aerobic, non-motile, terminalendospore-forming rods (0.5-0.7|2.2-3.5 mm). Colonies are circular, smooth and transparent on TSB agar plates after 48 h of incubation at 30 uC. Growth occurs at 10-40 uC (optimum, 30 uC) and at pH 5.5-9.0 (optimum, pH 7.5). Oxidase and catalase activities are positive. Hydrogen sulfide is produced. Aesculin is hydrolysed, while starch, casein, gelatin and Tween 80 are not. Voges-Proskauer reaction is negative. In API 20NE strips, nitrate is not reduced to nitrite, glucose is not fermented and indole is not produced. Urease, arginine dihydrolase and b-galactosidase activities are positive. Maltose, D-glucose and D-mannitol can be assimilated. The following substrates are not assimilated: N-acetylglucosamine, D-mannose, L-arabinose, caprate, citrate, adipate, malate and phenylacetate. In API 50CH strips, acid is produced from amygdalin, aesculin, cellobiose, maltose, melibiose, sucrose, melezitose, D-glucose, Dmannitol, D-ribose, D-xylose, methyl b-D-xylopyranoside, glycogen and gentiobiose. Acid is produced weakly from methyl a-D-mannopyranoside, methyl a-D-glucopyranoside, lactose, trehalose and raffinose. Acid is not produced from the other substrates. In API ZYM tests, esterase lipase (C8), esterase (C4), chymotrypsin, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase, N-acetyl-bglucosaminidase and b-fucosidase activities are positive, while the others are negative. The major respiratory quinone is MK-7. The major cellular fatty acids are anteiso-C 15:0 and iso-C 15:0 . The polar lipid profile contains phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine, one unidentified phospholipid, one unidentified glycolipid and one unidentified aminophospholipid. The diamino acid in the cell-wall peptidoglycan is meso-diaminopimelic acid.
The type strain, P5-1 T (5CGMCC 1.15178 T 5NBRC 111536 T ), was isolated from the hindgut of a wood-feeding higher termite, Nasutitermes sp., collected from Hainan, China. The genomic DNA G+C content of the type strain is 48.9 mol%. 
